The OGO-2 neutral and ion mass spectrometer experiment by Hinton, B. B. et al.
port No. 02465-2-F 
Final 
Experiment Data Analysis Report 
for  
The OGO-IV Neutral and Ion Mass Spectrometer Experiment 
October 1969 
Contract No. : NAS5-3098 
Prepared by 
The High Altitude Engineering Laboratory 
The University of Michigan 
Ann Arbor, Michigan 
for  
Goddard Space Flight Center 
Greenbelt, Maryland 
CASE F ILE  
- CO PAY 
https://ntrs.nasa.gov/search.jsp?R=19700005121 2020-03-12T01:31:05+00:00Z
Report  No. 05465-2-F 
Experiment Data Analysis  Report  
f o  r 
The OGO-IV N e u t r a l  and I o n  Mass Spectrometer  Experiment 
October  1969 
C o n t r a c t  No, : NAS5-3098 
Goddard Space F l i g h t  Center  
C o n t r a c t i n g  O f f i c e r :  R. D. P h i l l i p s  
Experiment Coord ina to r :  E. P. Mercant i  
P repared  by 
The High A l t i t u d e  Engineer ing Laboratory  
The U n i v e r s i t y  of Michigan 
Ann Arbor ,  Michigan 
R. J .  L e i t e ,  S u p e r v i s o r  
B. B.  Hinton 
C.  J. Mason 
f o r  
Goddard Space F l i g h t  Cen te r  
G r e e n b e l t ,  Maryland 
ABSTRACT 
The experiment is  descr ibed  from the  d a t a  processing p o i n t  of view. 
The var ious  programs used by t h i s  experiment a r e  d i scussed .  The ch ie f  
ones were two f u l l y  automatic  programs u t i l i z i n g  t h e  IBM 7090 computer and 
t h e  IBM 360 computer. Budgetary and ope ra t i ona l  r e s t r i c t i o n s  forced  t h e  
abandonment of f u l l y  automatic  d a t a  process ing  and t h e  adopt ion of manual 
methods. 
S p e c i f i c  s t u d i e s  based on about 55 hours  of processed d a t a  a r e  i nd i ca t ed .  
These a r e :  (1) Atomic oxygen dens i ty  a t  s u n r i s e  and sunse t ;  (2)  Oxygen and 
helium ion  d e n s i t i e s  i n  a  d i s tu rbed  ionosphere; (3 )  Water vapor ou tgass ing  
r a t e s ;  (4) Product ion and l o s s  of mass 8 i o n s ;  (5) Rate cons tan t  f o r  charge 
exchange between oxygen ions  and n e u t r a l  hydrogen atoms and (6 )  C o r r e l a t i v e  
s t u d i e s  wi th  Thomson backs c a t  t e r  s t a t i o n s  . 
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I .  INTRODUCTION 
This  r e p o r t  is a  summary of  t h e  work performed on C o n t r a c t  NAS5-3098 
subsequen t  t o  t h e  s u c c e s s f u l  l aunch ing  of OGO-IV and d e s c r i b e s  t h e  e f f o r t s  
expended t o  p rocess  t h e  d a t a  from Experiment 15 on OGO-IV. Th i s  r e p o r t  
i s  s u b m i t t e d  a s  r e q u i r e d  by A r t i c l e  11, Paragraph  5 . 2 ,  M o d i f i c a t i o n  No. 19  
o f  C o n t r a c t  NAS5-3098. 
Use of 060-IV pre-launch d a t a  t a p e s  p e r m i t t e d  t h e  I B M  7090 d a t a  
e x t r a c t i o n  program t o  b e  n e a r l y  completed a t  t h e  l aunch  of  OGO-IV and t o  
b e  f u l l y  a v a i l a b l e  s h o r t l y  t h e r e a f t e r .  Before  d i f f i c u l t i e s  w i t h  t h e  d a t a  
e x t r a c t i o n  from t h e  A t t i t u d e - O r b i t  t a p e s  could  b e  complete ly  r e s o l v e d ,  t h e  
U n i v e r s i t y  began phas ing  o u t  o p e r a t i o n s  on t h c  I B M  7090 t o  p e r m i t  i n s t a l l a t i o n  
o f  a n  I B M  360 t ime-shar ing  sys tem.  Th i s  n e c e s s i t a t e d  r e w r i t i n g  a l l  d a t a  
e x t r a c t i o n  programs because  of t h e  v a s t  d i f f e r e n c e s  i n  t h e  two computing 
sys tems .  
Use of t h e  U n i v e r s i t y  Computing Cen te r  f a c i l i t i e s  was found t o  be  
t o o  expens ive  and o p e r a t i o n a l l y  u n s a t i s f a c t o r y  f o r  d a t a  r e d u c t i o n  purposes .  
Hence, owing t o  budge ta ry  r e d u c t  i o n s ,  computer t echn iques  f o r  d a t a  exL ~ ' i c -  
t i o n  were  abandoned and manual methods were s u b s t i t u t e d .  This  change i n  
o p e r a t i o n a l  procedures  made i t  n e c e s s a r y  t o  examine on ly  s p e c i a l  e v e n t s  
o r  problems where l a r g e  amounts of  d a t a  were n o t  r e q u i r e d .  S e v e r a l  s p e c i f i c  
i n v e s t i g a t i o n s  a r e  summarized i n  t h i s  r e p o r t .  These s t u d i e s  have n o t  been 
completed.  I n t e r i m  r e p o r t s  were g iven  a t  t h e  1969 Annual PIeeting o r  t h e  
American Geophysical  Union, Washington, D .  C .  Techn ica l  r e p o r t s  and j o u r n a l  
p u b l i c a t i o n s  w i l l  b e  p r e p a r e d  upon complet ion of  t h e  s t u d i e s .  
11. PURPOSE 
The purpose  of t h e  n e u t r a l  and p o s i t i v e - i o n  mass s p e c t r o m e t e r  on  
OGO-IV i s  t o  p rov ide  ambient composi t ion d a t a  t o  improve o u r  unders t a n d i n g  
o f  t h e  f o l l o w i n g  p rocesses  and phenomena i n  t h e  atmosphere:  d i f f u s i v e  
s e p a r a t i o n ,  photochemical  p r o d u c t i o n ,  p h o t o - i o n i z a t i o n ,  d i s s o c i a t i v e  
recombina t ion ,  i o n i z a t i o n  by heavy charged p a r t i c l e s ,  r e a c t i o n s  i n v o l v i n g  
m e t a s t a b l e  s t a t e s ,  a s  w e l l  a s  many o t h e r s .  
The most ambi t ious  g o a l  one could  set f o r  t h e  exper iment  would b e  t o  
o b t a i n  n e u t r a l  and i o n  composi t ion d a t a  o f  masses 1 t o  44 a t  a l l  l o c a l  t i m e s ,  
l a t i t u d e s ,  and a l t i t u d e s ,  i . e . ,  map t h e  e n t i r e  atmosphere o f  t h e  e a r t h .  
Th i s  g o a l  i s  n o t  r e a l i z a b l e  i n  t h e  des ign  l i f e t i m e  of a  s i n g l e  OGO s i n c e  
i t  would r e q u i r e  approximately  2 y e a r s  f o r  p e r i g e e  t o  move through e s s e n t i a l l y  
a l l  1ocalr . t imes  and l a t i t u d e s .  A more p r a c t i c a l  c r i t e r i o n  f o r  s u c c e s s  
would b e  one y e a r  o f  o r b i t a l  o p e r a t i o n .  As w i l l  be d i s c u s s e d  l a t e r ,  t h i s  
s t i l l  r e p r e s e n t s  a vast amount o f  aeronomic d a t a  t o  be  exp lored  s c i e n t i f i c a l l y .  
111. DESCRIPTION OF THE INSTRUMENT FROM THE DATA PROCESSOR'S POINT OF VIEW 
The quadrupole  mass s p e c t r o m e t e r  d e s c r i b e d  below is  a  f i r s t  a t t e m p t  t o  
o b t a i n  b o t h  n e u t r a l - p a r t i c l e  and p o s i t i v e - i o n  composi t ion measurements w i t h  
a  s i n g l e  ins t rument .  I t  was designed s p e c i f i c a l l y  t o  be flown on an e a r t h  
o r i e n t a t e d  s a t e l l i t e  having o r b i t a l - p l a n e  a t t i t u d e  s t a b i l i z a t i o n  and o r b i t i n g  
between a l t i t u d e s  of approximately  300 and 900 km. ( l ) "  An open i o n  s o u r c e  
des ign  permi t s  s e q u e n t i a l  measurements of n e u t r a l - p a r t i c l e  and p o s i t i v e - i o n  
c o n c e n t r a t i o n s .  Three  analog o u t p u t  d a t a  channels  a r e  i n c l u d e d ;  two p r o v i d e  
composi t ion d a t a  and t h e  t h i r d  i s  a  moni tor  channel  f o r  s p e c t r o m e t e r  house- 
keeping d a t a .  
A 
References  a r e  numbered consecu t ive ly  and correspond t o  t h e  c i t a t i o n s  
c o l l e c t e d  i n  t h e  Bibl iography s e c t i o n .  
O p e r a t i o n a l l y ,  t h e  spec t romete r  h a s  t h e  fo l lowing  c h a r a c t e r i s  t i c s  : 
Mass range 0-50 u  
Reso lu t ion  20 a t  28 u  
S e n s i t i v i t y  ranges  6 ( l i n e a r )  
Maximum s e n s i t i v i t y  5 N e u t r a l  -10 p a r t i c l e s / c m  3 
Ion- 10 i o n s  / cm3 
Sweep d u r a t i o n  6 seconds  
Mass s c a l e  Linear-  two segment 
I n  o r d e r  t o  f u n c t i o n  as  a  s p e c t r o m e t e r ,  t h e  quadrupole  e l e c t r i c  f i e l d  
has  b o t h  a  c o n s t a n t  component and a  t ime-varying component; t h e s e  a r e  
g e n e r a t e d  by imposing dc  and a c  v o l t a g e s  s imul taneous ly  on t h e  r o d s .  It 
is customary t o  assume t h a t  t h e  i n c i d e n t  i o n  beam c o n s i s t s  of s i n g l y  charged 
p a r t i c l e s ,  and t o  i d e n t i f y  i t s  c o n s t i t u e n t s  by a  mass number e x p r e s s e d  i n  
terms of u n i f i e d  a tomic mass u n i t s  u.  Then t h e  mass u al lowed t o  p a s s  
complete ly  through t h e  ana lyz ing  r e g i o n  is  p r o p o r t i o n a l  t o  t h e  ampl i tude  
of t h e  a c  v o l t a g e .  By sweeping t h i s  v o l t a g e ,  a  mass spectrum i s  g e n e r a t e d .  
The r a t i o  of t h e  ampl i tudes  of t h e  dc  and a c  e l e c t r i c  f i e l d  v o l t a g e s  
determines  t h e  i n s t r u m e n t  r e s o l u t i o n ,  d e f i n e d  a s  u/bu where A U  is t h e  wid th  
of a  s p e c t r a l  peak a t  half-maximum ampl i tude ;  t h i s  q u a n t i t y  i s  k e p t  con- 
s t a n t  by c o n s t r a i n i n g  t h e  dc v o l t a g e  t o  always have a  c o n s t a n t  propor- 
t i o n a l i t y  w i t h  t h e  a c  v o l t a g e .  Reso lu t ion  is a l s o  dependent upon t h e  
f requency o f  t h e  a c  v o l t a g e ,  t h e  f i e l d  l e n g t h ,  and t h e  d r i f t  v e l o c i t y  of 
t h e  i o n s  through t h e  ana lyz ing  r e g i o n .  A r e a s o n a b l e  compromise between 
t h e s e  t h r e e  q u a n t i t i e s  must be made t o  a t t a i n  a  g iven  r e s o l u t i o n  w i t h i n  
g iven  geomet r ic  and power c o n s t r a i n t s .  
I n  a d d i t i o n  t o  t h e  s p e c t r a l  mode of o p e r a t i o n ,  t h e  s p e c t r o m e t e r  can 
b e  opera ted  i n  a  z e r o - r e s o l u t i o n  mode. I n  t h i s  mode, t h e  ou tpu t  cor responds  
approximately  t o  t h e  i n t e g r a l  of t h e  spectrum;  i t  is  c a l l e d  t h e  " s t a i r c a s e "  
mode from t h e  r e s u l t a n t  shape  of t h e  o u t p u t  c u r r e n t  curve when p l o t t e d  
v e r s u s  mass number. 
Two i n t e r n a l  c locks  c o n t r o l  t h e  o p e r a t i o n  of t h e  s p e c t r o m e t e r .  One 
c o n t r o l s  t h e  d u r a t i o n  of t h e  sweep and t h e  o t h e r  t h e  d u r a t i o n  of each 
moni to r  s t e p .  The b a s i c  sweep t ime i s  approximately  6  seconds  d u r i n g  which 
t h e  mass s c a l e  i s  swept from approximately  50 t o  0 u  i n  t h e  s p e c t r a l  modes, 
and approximately  40 t o  0 u  i n  t h e  s t a i r c a s e  modes. 
The s i x  decade-ranges o f  s e n s i t i v i t y  i n c o r p o r a t e d  i n  t h e  ins t rument  
a r e  r e a l i z e d  by u s i n g  t h r e e  range-switching p o s i t i o n s .  A t  each range 
s e t t i n g ,  spec t rum and s t a i r c a s e  o p e r a t i o n  occur  s e q u e n t i a l l y ;  t h e r e f o r e ,  
s i x  sweeps a r e  r e q u i r e d  t o  complete e i t h e r  a  n e u t r a l  o r  an  i o n  a n a l y s i s  
encompassing t h e  e n t i r e  s e n s i t i v i t y  range of t h e  i n s t r u m e n t .  A t  t h e  end 
of each s e t  of s i x  sweeps,  one a d d i t i o n a l  sweep is  devoted t o  t h e  
s e q u e n t i a l  s w i t c h i n g  of t h r e e  f i x e d  c a l i b r a t i o n  v o l t a g e s  i n t o  t h e  e l e c -  
t r o m e t e r  d a t a  channels  f o r  t h e  purpose of checking t h e  d a t a  l i n k .  Thus, 
a  t o t a l  of 14 sweeps a r e  r e q u i r e d  t o  complete one f u l l  c y c l e  o f  o p e r a t i o n .  
The monitor-channel o u t p u t  c o n s i s t s  o f  a  commutated s i g n a l  t h a t  has  
a  r a t e  of approximately  3.5 s t e p s  p e r  second.  S i x t e e n  s t e p s  form t h e  
b a s i c  r e p e a t  p a t t e r n  which i s  r e s e t  a t  t h e  beg inn ing  of each sweep. The odd- 
numbered s t e p s  i n d i c a t e  t h e  i n s t a n t a n e o u s  dc v o l t a g e  on t h e  quadrupole  
rods  dur ing  s p e c t r a l  a n a l y s e s  and t h u s  p rov ide  a  mass s c a l e  f o r  t h e s e  
sweeps.  Each o f  t h e  even-numbered s t e p s  i n d i c a t e s  t h e  i n s t a n t a n e o u s  
s t a t u s  of each o f  t h e  fo l lowing  i n t e r n a l  f u n c t i o n s :  s t e p s  2 and 1 0 ,  f i l a m e n t  
emiss ion  c u r r e n t ;  s t e p  4 ,  Channel t ron on-off ;  s t e p  6 ,  f i l a m e n t  v o l t a g e ;  
s t e p  8 ,  B+ v o l t a g e ;  s t e p  1 2 ,  e l e c t r o m e t e r  range ;  s t e p  1 4 ,  f i l a m e n t  i n  u se ;  
and s t e p  1 6 ,  p l a t e  t empera tu re  of i o n  s o u r c e .  For each sweep, t h e s e  
moni tor-channel  d a t a  p rov ide  a  unique s e t  which p e r m i t s  e x a c t  i d e n t i f i c a t i o n  
of t h e  s p e c t r o m e t e r  mode w i t h o u t  r e f e r e n c e  t o  moni tor  d a t a  from p r e c e d i n g  
o r  subsequen t  sweeps. 
A meaningful  sampling of t h e  composi t ion o f  t h e  upper atmosphere through 
i n  s i t u  measurements on an e a r t h  s a t e l l i t e  r e q u i r e s  t h a t  a  compromise be  made 
-- 
among t h e  fo l lowing :  mass-range sweep d u r a t i o n ,  e l e c t r o m e t e r  r i s e  t i m e ,  and 
o u t p u t  sampl ing r a t e .  The sweep r a t e  of t h e  s p e c t r o m e t e r  must be  s low enough 
t o  b e  compat ible  wi th  t h e  r i s e  t i m e  of t h e  e l e c t r o m e t e r  and a t  t h e  same t ime 
be  f a s t  enough' t o  p rov ide  a  u s e f u l  s p a t i a l  r e s o l u t i o n .  A sweep d u r a t i o n  of 
s i x  seconds  f u l f i l l s  bo th  requirements  f o r  t h e  OGO s p e c t r o m e t e r  and p rov ides  
a n  a v e r a g e  s p a t i a l  r e s o l u t i o n  of approx imate ly  0.80 km p e r  mass u n i t .  
The minimum average  sampling r a t e  which w i l l  permit  r e c o n s t r u c t i o n  of 
s p e c t r a l  peaks u s i n g  computer methods i s  e s t i m a t e d  t o  b e  t h a t  which r e s u l t s  
i n  approximately  f i v e  samples p e r  m a s s  u n i t ,  o r  approximately  40 samples p e r  
second.  To r e a l i z e  t h i s  sampling r a t e  and s t o r e  d a t a  on t h e  s p a c e c r a f t  t a p e  
r e c o r d e r ,  which h a s  a  b i t  r a t e  of 4000 b i t s  p e r  second,  t h e  f l e x i b l e  format 
m u l t i p l e x e r  use  i s  r e q u i r e d .  This  dev ice  is  a  p rewi red  form of t h e  main 
m u l t i p l e x e r  i n  which t h e  128  i n p u t s  of t h e  main m u l t i p l e x e r  a r e  "cross-  
s t r a p p e d "  t o  pe rmi t  t i m e  d i v i s i o n  m u l t i p l e x i n g  of on ly  32 d i f f e r e n t  i n p u t s .  
By s e l e c t i n g  f l e x i b l e  formats  i n  which 16 samples p e r  frame o f  t h e  main 
m u l t i p l e x e r  a r e  o b t a i n e d ,  a  sampling r a t e  of approximately  55 samples p e r  
second  i s  r e a l i z e d .  
The t h r e e  analog d a t a  channe l s  of t h e  s p e c t r o m e t e r  occupy t h r e e  i n p u t s  
of t h e  f l e x i b l e  format m u l t i p l e x e r .  Time-division-multiplexed ana log  d a t a  
from t h e  f l e x i b l e  format p a s s  through an a n a l o g - t o - d i g i t a l  c o n v e r t e r  and 
a r e  s t o r e d  on a s p a c e c r a f t  t a p e  r e c o r d e r .  Upon command, t h e  t a p e  r e c o r d e r  
p l a y s  back through t h e  t e l e m e t r y  sys tem t r a n s m i t t i n g  t h e s e  d a t a  t o  a  ground 
s t a t i o n  where they  a r e  re-recorded.  Upon s e p a r a t i o n  of t h e  m u l t i p l e x e d  
d a t a ,  an a p p r o p r i a t e  d i g i t a l  d a t a  t a p e  is  s e n t  t o  t h e  exper imente r  f o r  
p r o c e s s i n g ,  Computer programs a r e  used t o  e x t r a c t  t h e  d a t a  from t h e  d i g i t a l  
magne t ic  t a p e s ,  app ly  t h e  t r a n s f e r  f u n c t i o n s  d e s c r i b e d  below, and c o r r e l a t e  
t h e  a d j u s t e d  d a t a  wi th  d a t e ,  t ime and s p a t i a l  l o c a t i o n  f o r  each sweep of 
t h e  s p e c t r o m e t e r .  
I n t e r p r e t a t i o n  of n e u t r a l  p a r t i c l e  and p o s i t i v e  i o n  composi t ion measure- 
ments must b e  preceded by t h e  i n c o r p o r a t i o n  of t r a n s f e r  f u n c t i o n s  t h a t  t a k e  
i n t o  account  t h e  c h a r a c t e r i s t i c s  o f  t h e  s p e c t r o m e t e r  and t h e  i n f l u e n c e  of 
t h e  s p a c e c r a f t  upon t h e  l o c a l  environment.  C a l i b r a t i o n  of t h e  s p e c t r o m e t e r  
i n  a c o n t r o l l e d  thermal-vacuum environment s u p p l i e s  t h e  pa ramete rs  n e c e s s a r y  
t o  determine p a r t i c l e  d e n s i t i e s  from t h e  s i g n a l  appear ing  a t  t h e  o u t p u t  of 
t h e  s p e c t r o m e t e r .  These p a r t i c l e  d e n s i t i e s  a r e  t h e n  a d j u s t e d ,  u s i n g  t h e o r e t i c a l  
and e m p i r i c a l  f u n c t i o n a l  r e l a t i o n s h i p s ,  t o  account  f o r  d i s t u r b a n c e  of t h e  
ambient atmosphere due t o  t h e  p resence  of t h e  s p a c e c r a f t  and i t s  h y p e r s o n i c  
v e l o c i t y  r e l a t i v e  t o  t h e  ambient a tmospher ic  p a r t i c l e s ,  o r i e n t a t i o n  o f  t h e  
s p e c t r o m e t e r  r e l a t i v e  t o  t h e  s p a c e c r a f t  and f l i g h t  v e l o c i t y  v e c t o r ,  p r e s e n c e  
of a p o t e n t i a l  on t h e  OPEP and t h e  r e s u l t i n g  plasma s h e a t h ,  and t h e  p r o b a b i l i t y  
of con tamina t ing  p a r t i c l e s  b e i n g  e m i t t e d  o r  r e f l e c t e d  from o t h e r  s p a c e c r a f t  
s u r f a c e s  i n t o  t h e  spec t romete r .  
Labora to ry  c a l i b r a t i o n  c o n s i s t s  o f  bench t e s t i n g  t h e  i n s t r u m e n t  f o r  
dynamic c h a r a c t e r i s t i c s  of t h e  e l e c t r o n i c  subsystems and o p e r a t i n g  i t  i n  
a  the rmal  vacuum f a c i l i t y  t o  determine i t s  o v e r a l l  o p e r a t i o n a l  p a r a m e t e r s .  
O f  utmost importance i s  an a c c u r a t e  d e t e r m i n a t i o n  of t h e  s e n s i t i v i t y  of t h e  
s p e c t r o m e t e r  throughout  i t s  mass range.  This  i s  accomplished by i n t r o d u c i n g  
a  n e u t r a l  gas  of  i n t e r e s t  through a  c o n t r o l l a b l e  l e a k  valve .  The s p e c t r o -  
mete r  i s  used t o  moni to r  t h e  r e l a t i v e  composi t ion of t h e  gas i n  t h e  chamber 
and an i o n i z a t i o n  p r e s s u r e  guage i s  used t o  measure i t s  p r e s s u r e .  A McLeod 
p r e s s u r e  guage i s  used t o  c a l i b r a t e  t h e  i o n i z a t i o n  guage o v e r  t h e  lower end 
of its p r e s s u r e  range .  The p r e s s u r e  l e v e l  of the system i s  var ied  over  i t s  
u s e f u l  r ange  t o  e s t a b l i s h  t h e  response of t h e  s p e c t r o m e t e r  a s  a  f u n c t i o n  of 
p a r t i c l e  d e n s i t y .  This  procedure  i s  r e p e a t e d  f o r  a  s e r i e s  of gases  h a v i n g  
mass v a l u e s  t h a t  pe rmi t  coverage of t h e  mass range  of t h e  s p e c t r o m e t e r .  
A l a b o r a t o r y  i o n  g e n e r a t o r  i s  used t o  a s s e s s  t h e  performance o f  t h e  
s p e c t r o m e t e r  i n  t h e  i o n  modes o f  o p e r a t i o n .  T h i s  g e n e r a t o r  p rov ides  a  
b road  beam of i o n s  t o  s i m u l a t e  t h e  i n l e t  f l u x  encounte red  dur ing  f l i g h t  
through t h e  ionosphere .  Ion s e n s i t i v i t y  i s  checked i n  f l i g h t  by making 
s imul taneous  -- i n  s i t u  and b a c k s c a t t e r  d e n s i t y  measurements w h i l e  t h e  space-  
c r a f t  i s  o v e r  a  Thomson b a c k s c a t t e r  s t a t i o n .  
I n  a l l  l a b o r a t o r y  c a l i b r a t i o n s ,  t h e  e f f e c t s  of v a r i a t i o n s  of s e v e r a l  
parameters  a r e  determined s o  t h a t  s e n s i t i v i t i e s  might b e  c o r r e c t e d  s h o u l d  
one o f  t h e s e  pa ramete rs  change i n  f l i g h t .  Most impor tan t  o f  t h e s e  a r e  t h e  
a c  t o  dc  v o l t a g e  r a t i o  on t h e  r o d s  which c o n t r o l s  r e s o l u t i o n ,  t h e  t empera tu re  
of t h e  b a s e  p l a t e  h e a t  s i n k ,  t h e  power supp ly  v o l t a g e s ,  and t h e  emiss ion  
c u r r e n t  i n  t h e  i o n  s o u r c e  d u r i n g  n e u t r a l  modes. 
F igure  1 shows a  complete s e t  o f  1 4  modes corresponding t o  one complete 
p o s i t i v e - i o n  and  n e u t r a l  a n a l y s i s .  These d a t a  were  t aken  from t h e  OGO-IV 
s p a c e c r a f t  on o r b i t  77 .  The ion-spectrum modes a r e  number 1, 3 ,  and 5 ,  i n  
o r d e r  o f  i n c r e a s i n g  s e n s i t i v i t y  ; neu t ra l - spec t rum modes a r e  numbers 8, 1 0 ,  
and 12 .  The cor responding  " s t a i r c a s e "  modes are 2 ,  4 ,  and 6 f o r  t h e  i o n s  
and 9 ,  11, and 1 3  f o r  t h e  n e u t r a l s .  The c a l i b r a t i o n  s i g n a l s  appear  i n  modes 
7 and 14.  
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The d a t a  a n a l y s i s  p o r t i o n  of t h e  p r o j e c t  was s t a r t e d  i n  J u n e  o f  1965 
and t h e  I B M  7090 computer program became n e a r l y  o p e r a t i o n a l  p r i o r  t o  t h e  
l aunch ing  of OGO-IV. The a v a i l a b i l i t y  of some d a t a  p r o c e s s i n g  b e f o r e  t h e  
l aunch  of OGO-IV provided a  means of e v a l u a t i n g  t h e  t o t a l  exper iment  b e f o r e  
l aunch .  Consequent ly ,  e x t e n s i v e  p r e f l i g h t  d a t a  were  reduced and  i n t e n s i v e l y  
ana lyzed  (most ly  by hand) t o  s t u d y  c e r t a i n  e f f e c t s  encounte red  i n  t h e  O G O - I 1  
f l i g h t  ( f o r  example, b a s e l i n e  t empera tu re  d r i f t s ) .  The r e s u l t s  were  used 
t o  make some minor changes i n  t h e  OGO-IV f l i g h t  u n i t .  
Programs were  w r i t t e n  f o r  p r e - f l i g h t  o p e r a t i o n s  t o  s i m u l a t e  d a t a  a n a l y s i s  
on f l i g h t  u n i t s ,  e . g . ,  a  program was w r i t t e n  eo read  o u t  t h e  m o n i t o r  channels  
o f  l a b o r a t o r y  d a t a  recorded  on magnet ic  t a p e  which s i m u l a t e d  s p a c e c r a f t  d a t a .  
The f u l l  I B M  7090 au tomat ic  d a t a  p r o c e s s i n g  program was a v a i l a b l e  soon 
a f t e r  t h e  launch of OGO-IV. The program w a s  used t o  o b t a i n  s u f f i c i e n t  d a t a  
( s i x  o r b i t s )  t o  check t h e  o p e r a t i o n  of t h e  program i t s e l f ,  and f o r  checking 
t h e  v a l u e s  of c e r t a i n  c a l i b r a t i o n  paramete rs .  
At t h i s  t ime ,  t h e  7090 was b e i n g  phased o u t  a t  t h e  U n i v e r s i t y  and 
r e p l a c e d  by an I B M  360. Due t o  s o f t w a r e  d i f f e r e n c e s ,  t h e  7090 program cou ld  
n o t  b e  adap ted  t o  t h e  360. A s i g n i f i c a n t  amount of t ime was s p e n t  i n  re-  
w r i t i n g  t h e  program f o r  t h e  360 and t h e  r e s u l t i n g  program was demonstra ted 
t o  work i n  t h e  f a l l  o f  1968. However, t h e  i n s t a l l a t i o n  o f  t h e  360 produced 
c e r t a i n  p e r i p h e r a l  changes which made o p e r a t i o n  of t h e  program u n f e a s i b l e .  
F i r s t ,  t h e  360 is  o p e r a t e d  on a t ime s h a r i n g  b a s i s ;  s i n c e  o u r  program 
r e q u i r e d  t h e  use  of two seven- t rack  t a p e  t r a n s p o r t s ,  and " i m p o s s i b l e t t  
queing s i t u a t i o n  was encounte red .  Second, a l though t h e  360 i s  nominal ly  
cheaper  and f a s t e r  than  t h e  7090, i t  a c t u a l l y  t u r n e d  o u t  t o  b e  s l o w e r  and 
more expensive  s i n c e  d a t a  words on t h e  t a p e s  s u p p l i e d  by GSFC had t o  b e  
r e s t r u c t u r e d  t o  accomodate t h e  word l e n g t h  of t h e  360. T h i r d ,  t h e  speed  a t  
which t h e  program r a n  was such t h a t  t h e  U n i v e r s i t y  computing c e n t e r  cou ld  n o t  
supp ly  s u f f i c i e n t  hours  of CPU t ime.  The d e t a i l s  of t h i s  s i t u a t i o n  a r e  out-  
l i n e d  i n  ( 2 ) .  N e v e r t h e l e s s ,  t h e  l i m i t e d  d a t a  from t h e  7090/360 programs 
w i t h  about 10 more o r b i t s  o f  d a t a  g a t h e r e d  by hand form a v a l u a b l e  body of  
d a t a  on t h e  atmosphere n e a r  l o c a l  t imes  of s u n r i s e  and s u n s e t .  The 
scheme of o p e r a t i o n  of t h e s e  programs w i l l  b e  o u t l i n e d  i n  S e c t i o n  5 .  
V .  DATA ANALYSIS SCHEME 
The programs designed t o  p rocess  t h e  d a t a  r e c e i v e d  from t h e  s p a c e c r a f t  
l o g i c a l l y  d i v i d e  i n t o  t h r e e  d i s t i n c t  p a r t s :  ( I )  e x t r a c t i n g  t h e  d a t a  from 
t h e  exper iment  d a t a  t a p e s ,  (2) e x t r a c t i n g  and i n t e r p o l a t i n g  t h e  d a t a  from 
t h e  s p a c e c r a f t  a t t i t u d e - o r b i t  (A/O) t a p e s ,  and (3) app ly ing  c a l i b r a t i o n  
f a c t o r s  and f a c t o r s  t a k i n g  i n t o  account t h e  ambient gas f low about  t h e  space-  
c r a f t  . 
The f i r s t  p a r t ,  t h a t  of e x t r a c t i n g  t h e  d a t a ,  e n t a i l s  t h e  f i t t i n g  of 
s u i t a b l e  peak-shape models t o  t h e  o u t p u t  d a t a  o f  t h e  s p e c t r o m e t e r .  The 
s h a p e  of t h e  model was determined by f i n d i n g  t h e  t r a n s f e r  f u n c t i o n  of t h e  
i n s t r u m e n t  and,  through t h e  use  of Laplace  t r a n s f o r m s ,  t h e  response  of t h e  
i n s t r u m e n t  t o  a  t r i a n g u l a r  wave i n p u t .  The model was t h e n  a d j u s t e d  i n  
h e i g h t  us ing  a l e a s t - s q u a r e s  t echn ique .  The ampl i tude could  t h e n  be  r e a d  
d i - r e c t l y  from t h e  h e i g h t  of t h e  approximat ing model. The mass ,:umber o f  
t h e  peak is found by i t s  p o s i t i o n  on t h e  moni tor  sweep. E n t a i l e d  a l s o  i n  
t h e  e x t r a c t i o n  of t h e  d a t a  i s  a  p r o c e s s  t o  minimize t h e  e f f e c t s  o f  n o i s e  
i n  t h e  d a t a  and s p u r i o u s  peaks caused e i t h e r  by t e l e m e t r y - l i n k  problems 
o r  by d a t a  d ropout .  Output from t h i s  program i n c l u d e s  t h e  day and t ime  
of  t h e  sweep, mass numbers, and ampl i tudes .  The t ime is used i n  t h e  f o l l o w i n g  
p o r t i o n  of t h e  p r o c e s s i n g  c y c l e .  
I n  o r d e r  t o  check t h e  r e s u l t s  of t h e  f i r s t  p a r t ,  a program t o  p l o t  t h e  
d a t a  d i r e c t l y  from t h e  d a t a  t a p e s  was w r i t t e n .  This program was a l s o  used 
t o  s c r e e n  t h e  exper iment  d a t a  t a p e s  f o r  q u a l i t y  p r i o r  t o  a t t e m p t i n g  a u t o m a t i c  
d a t a  e x t r a c t i o n  and f i n a l l y  t o  p l o t  d a t a  f o r  manual e x t r a c t i o n  when budget 
r e s t r i c t i o n s  p r e v e n t e d  t h e  use  o f  an au tomat ic  d a t a  e x t r a c t i o n  system.  The 
p l o t t i n g  program was o r i g i n a l l y  w r i t t e n  f o r  t h e  I B M  7090, and l a t e r  f o r  t h e  
IBM 360. These computers were found t o  b e  t o o  expens ive  i f  used e x t e n s i v e l y ,  
s o  i t  was r e w r i t t e n  f o r  t h e  DEC PDP-8 computer which formed p a r t  o f  t h e  d a t a  
a c q u i s i t i o n  sys tem used dur ing  c a l i b r a t i o n  and check-out of t h e  f l i g h t  
i n s t r u m e n t s .  See  F igure  2 f o r  a  schemat ic  r e p r e s e n t a t i o n  of t h e  d a t a  
h a n d l i n g  schemes. 
The second s e c t i o n ,  e x t r a c t i n g  and i n t e r p o l a t i n g  t h e  a t t i t u d e - o r b i t a l  
d a t a ,  determines  t h e  o r b i t a l - p o s i t i o n  c o o r d i n a t e s  cor responding  t o  t h e  t ime  
c a l c u l a t e d  i n  t h e  f i r s t  p a r t  and adds t h e s e  v a l u e s  t o  t h e  d a t a  o u t p u t .  
This  o u t p u t  c o n s t i t u t e s  i n f o r m a t i o n  about  t h e  g e o g r a p h i c a l  l o c a t i o n ,  a l t i t u d e ,  
and o r i e n t a t i o n  of t h e  s p a c e c r a f t  s o  t h a t  t h e  exper iment  d a t a  can b e  a d j u s t e d  
t o  account  f o r  t h e  o r i e n t a t i o n  of t h e  ins t rument  i n l e t  a p e r t u r e  r e l a t i v e  t o  
t h e  f l i g h t  v e l o c i t y  v e c t o r  a s  w e l l  a s  p r o v i d i n g  t h e  n e c e s s a r y  geophys ica l  
v a r i a b l e s  f o r  t h e  subsequen t  s c i e n t i f i c  s t u d i e s .  
Unl ike  t h e  d a t a  e x t r a c t i o n  s t e p  which r e q u i r e s  a  major p i e c e  o f  s o f t -  
ware,  t h e  second s t e p  of merging t h e  exper iment  and A/o d a t a  i s  s t r a i g h t -  
forward.  The o u t p u t  of t h i s  merging i s  t h e  raw m a t e r i a l  f o r  t h e  a c t u a l  
s c i e n t i f i c  a n a l y s i s  of t h e  geophys ica l  d a t a .  Th i s  f i n a l  s t e p  i s  n o t  one 
t h a t  can be p r e s c r i b e d  i n  advance b u t  w i l l  change from time t o  t ime accord ing  
t o  t h e  d e s i r e s  and i n g e n u i t y  of t h e  a n a l y s t s ,  t h e  p a r t i c u l a r  problem a r e a  
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be ing  i n v e s t i g a t e d ,  and t h e  r e s u l t s  o f  o t h e r s  p u b l i s h e d  i n  t h e  l i t e r a t u r e .  
It is known t h a t  c e r t a i n  s o l a r  and geophys ica l  d a t a  w i l l  b e  r e q u i r e d  from 
s o u r c e s  o u t s i d e  o u r  own exper iment .  These must b e  s e a r c h e d  o u t  and o b t a i n e d  
from t h e  s c i e n t i f i c  l i t e r a t u r e  and p r i v a t e  s o u r c e s .  A t  a  minimum t h e  
fo l lowing  a r e  r e q u i r e d :  
S a t e l l i t e  d rag  d a t a  
S o l a r  X-ray d a t a  
S o l a r  EUV d a t a  
S o l a r  W d a t a  
Sun Spot-plage d a t a  
Magnetic a c t i v i t y  (Ap o r  Kp i n d i c e s )  
E l e c t r o n  and i o n  d e n s i t y  
E l e c t r o n  and i o n  t empera tu res  
Aurora l  a c t i v i t y  
S o l a r  Radio Fluxes 
I n  a d d i t i o n  t o  t h e  t h r e e - s t e p  au tomat ic  d a t a  p r o c e s s i n g  d e s c r i b e d  
above, i t  h a s  been  necessa ry  t o  w r i t e  s e v e r a l  programs f o r  immediate use  
i n  d a t a  a n a l y s i s .  There i s , a t  p r e s e n t , a  fami ly  of t h r e e  ATOIL ( A t t i t u d e -  
O r b i t  In format ion  L i s t )  programs which p rov ide  o r b i t a l  pa ramete rs ,  o r b i t  
numbers, d a t e s ,  and u n i v e r s a l  t ime f o r  approximately  each minute o f  o r b i t .  
One, ATOIL, l is ts  l o c a l  t i m e ,  p o s i t i o n  v e c t o r ,  no-data f l a g s ,  s u s p e c t  d a t a  
f l a g s ,  body yaw, body p i t c h ,  OPEP r o l l ,  OPEP a n g l e ,  s o l a r  v e c t o r ,  p a d d l e  
a n g l e ,  and p a d d l e  yaw. This  program h a s  been p a r t i c u l a r l y  h e l p f u l  t o  t h e  
d a t a  a n a l y s t s  because  i t  g i v e s  a f a i r l y  complete p i c t u r e  of exper iment  
c o n d i t i o n  a t  a l l  t imes .  An e x p l a n a t i o n  o f  t h e  A/o d a t a  is c o n t a i n e d  i n  R e f .  
( 3 ) .  Another o f  t h e s e  programs , ATOIL-VN, c a l c u l a t e s  t h e  normal v e l o c i t y  
component and body p i t c h .  These a r e  l i s t e d  a l o n g  w i t h  magnet ic  l a t i t u d e  
f o r  each minu te  o f  an  o r b i t .  Th i s  program h a s  been p a r t i c u l a r l y  u s e f u l  
i n  t h e  a n a l y s i s  of i o n  composi t ion d a t a .  The t h i r d  program, FLEX-ATOIL, 
l i s t s ,  i n  a d d i t i o n  t o  o r b i t  number, d a t e ,  and e c l i p s e  s t a r t  and e n d ,  
GMT and any o t h e r  d a t a  words on t h e  t a p e s  t h a t  t h e  u s e r  wishes  t o  i n s p e c t  
p e r  minute  of f l i g h t .  This  program has  a l s o  been used t o  punch d a t a  on 
paper t a p e  f o r  u s e  i n  p l o t t i n g  a t t i t u d e  d a t a .  
I n t e r r e l a t i o n s h i p s  of many of  t h e  above paramete rs  can b e  compared 
g r a p h i c a l l y  u s i n g  computer programs and t h e  CALCOMP 565 p l o t t e r  f o r  p l o t t i n g  
t h e s e  d a t a .  I t  i s  o f t e n  u s e f u l  t o  p l o t  one of t h e  t h i r t y - s e v e n  d i f f e r e n t  
pa ramete rs  used i n  o u r  s t u d i e s  a s  a  f u n c t i o n  of t i m e ,  l a t i t u d e ,  o r  a t t i t u d e .  
However, any one  of t h e  t h i r t y - s e v e n  can b e  chosen a s  t h e  independent  
v a r i a b l e  and any of t h e  o t h e r  t h i r t y - s i x  as t h e  dependent v a r i a b l e .  
Because of problems w i t h  t h e  q u a l i t y  o f  t h e  A/O d a t a  t a p e s ,  a  program 
was w r i t t e n  t o  a n a l y z e  them r e c o r d  by r e c o r d .  Th is  p a r t i c u l a r  program 
l is ts  o r b i t  numbers, d a t a ,  s t a r t  and end t i m e s  of  t h e  o r b i t ,  and t h e  
average  of t h e  words "no-data f l a g s "  and "suspec t -da ta  f l a g s " .  It h a s  
been run  through o r b i t  2200 exc lud ing  t h o s e  o r b i t s  which a r e  on "bad" 
t a p e s  o r  m i s s i n g .  
A r a t h e r  fundamental  d i f f i c u l t y  h a s  been t h a t  t h e  sampl ing r a t e  of t h e  
s p a c e c r a f t  housekeeping d a t a  i s  n o t  s u f f i c i e n t  t o  g i v e  a  c l e a r  p i c t u r e  o f  
t h e  i n s t a n t a n e o u s  OPEP o r i e n t a t i o n .  This  i s  t r u e  s i n c e  t h e  motion due t o  
t h e  the rmal  e n g i n e ,  c o n s i s t i n g  of t h e  l o n g  r i b b o n  r a d i o  a s t r o n o m i c a l  a n t e n n a ,  
( 4 )  
and consequent OPEP o s c i l l a t i o n s  i s  n o t  r e c o n s t r u c t e d  . 
There  are two a d d i t i o n a l  impor tan t  computer s t u d i e s  which h e a r  on t h e  
d a t a  p r o c e s s i n g .  One i s  a computer s i m u l a t i o n  of a t h e o r e t i c a l  model o f  
t h e  exper iment  which can b e  used w i t h  c e r t a i n  d a t a  from t h e  exper iment  and 
a t t i t u d e - o r b i t a l  d a t a  t o  v e r i f y  t h e  n e c e s s a r y  assumptions  made concern ing  
t h e  e f f e c t  of v a r y i n g  i n l e t  p a r t i c l e  i n j e c t i o n  c o n d i t i o n s  on t h e  t r a n s m i s s i o n  
c o e f f i c i e n t  of t h e  s p e c t r o m e t e r .  The second program is a s t u d y  t o  de te rmine  
t h e  v a l i d i t y  o f  t h e  s i m p l e  a n a l y t i c a l  model we a r e  c u r r e n t l y  us ing  t o  
account  f o r  t h e  molecu la r  f low f i e l d  about  t h e  s a t e l l i t e .  
V I .  CONTINUING WORK ON OGO-IV DATA 
P a r t  of t h e  r e s u l t s  r e f e r r e d  t o  i n  S e c t i o n  4 were p r e s e n t e d  a t  t h e  
S p r i n g  1969 AGU meet ing(5) .  F u r t h e r  work is  be ing  done on t h e s e  d a t a  
a t  p r e s e n t  and n e u t r a l  d a t a  from 25 more o r b i t s  i s  be ing  e x t r a c t e d  by 
hand. Three a d d i t i o n a l  s p e c i a l  a n a l y s i s  programs have been w r i t t e n :  
(1) The f i r s t  c a l c u l a t e s  t h e  CIRA 1965 model atmosphere a t  each 
p o i n t  a long  t h e  o r b i t  where n e u t r a l  d a t a  were t a k e n  s o  t h a t  
exper imenta l  d a t a  can b e  compared w i t h  t h i s  model. 
(2) The second does t h e  same w i t h  t h e  Uni ted S t a t e s  S t a n d a r d  
Atmosphere 1966; b o t h  use  s o l a r - g e o p h y s i c a l  and o r b i t a l  p o s i t i o n  
d a t a .  
(3) The t h i r d  (which is  used w i t h  ( 2 ) )  makes i t  p o s s i b l e  t o  
deduce a n  "exper imental"  e x o s p h e r i c  t empera tu re  from t h e  d a t a .  
The r e s u l t s  of (1) and (2)  were s e n t  t o  U .  Von zahn f o r  i n c l u s i o n  i n  
a  comprehensive review t o  b e  p r e s e n t e d  i n  Madrid, September 1969. Th is  
p r e l i m i n a r y  s t u d y  covered d a t a  t aken  from August 2  t o  1 8 ,  1967. The l o c a l  
t ime  of t h e  o r b i t a l  p l a n e  ranged from about 0400 h o u r s  t o  0590 h o u r s .  The 
mean s o l a r  f l u x  dur ing  t h i s  p e r i o d  was a  moderate v a l u e ,  about  140 .  The 
range  o f  Ap v a l u e s  w a s  from 2 t o  22. The d e t a i l e d  r e s u l t s  can be v e r y  
b r i e f l y  summarized i n  t h e  f o l l o w i n g  two s t a t e m e n t s :  
a)  The g e n e r a l  l e v e l  o f  a tmospher ic  a tomic oxygen d e n s i t y  t ended  
t o  f o l l o w  t h e  s a t e l l i t e - d r a g  d e r i v e d  models w i t h  r e s p e c t  t o  t h e  
v a r i a t i o n s  they  i n c l u d e d .  That i s ,  when t h e  model p r e d i c t s  an  
i n c r e a s e  i n  d e n s i t y  t h i s  i s  what i s  observed and s o  on. 
b )  There i s  h o r i z o n t a l  s t r u c t u r e  i n  t h e  a tomic oxygen d e n s i t y  over  
t h e  n o r t h  p o l a r  r e g i o n  i n  t h e  d a t a  which r e q u i r e s  new t h e o r e t i c a l  
work t o  e x p l a i n  a d e q u a t e l y .  
P r e s e n t l y ,  an  i n v e s t i g a t i o n  i n t o  t h e  response  of t h e  ionosphere  t o  a  
geomagnetic d i s t u r b a n c e  i s  underway. Night t ime composi t ion measurements 
have been o b t a i n e d  i n  t h e  a l t i t u d e  range 650 t o  900 km over  t h e  magne t ic  
l a t i t u d e  i n t e r v a l  of 60" N t o  60" S f o r  an e s s e n t i a l l y  c o n s t a n t  l o c a l  s o l a r  
t ime of approximately  0100 h  d u r i n g  two magnet ic  s torms o c c u r r i n g  i n  September 
1967. T h i r t y - s i x  o r b i t s  a r e  i n c l u d e d  i n  t h i s  s t u d y .  F l u c t u a t i o n s  i n  t h e  0  + 
+ 
and H e  number d e n s i t i e s  a r e  s e e n  t o  occur  which appear  t o  b e  c o r r e l a t e d  w i t h  
t h e  storm-induced v a r i a t i o n s  i n  t h e  geomagnetic f i e l d .  P r e l i m i n a r y  r e s u l t s  
of t h i s  s t u d y  encompassing 11 o r b i t s  of i o n  d a t a  were p r e s e n t e d  a t  t h e  
S p r i n g  1969 AGU m e e t i n g ( 6 ) .  U l t i m a t e l y ,  t h i s  d a t a  w i l l  b e  r e l a t e d  t o  t h e  
25 a d d i t i o n a l  o r b i t s  o f  n e u t r a l  d a t a ,  r e f e r r e d  t o  above,  which cover  t h e  
same t i m e  p e r i o d .  Th is  w i l l  b e  t h e  f i r s t  s i g n i f i c a n t l y  s i z e d  body of d a t a  
t o  e x p l o i t  t h e  unique c a p a b i l i t y  of t h e  i n s t r u m e n t  t o  measure b o t h  n e u t r a l  
and i o n  composi t ion.  
A s t u d y  o f  water vapor  o u t g a s s i n g  on OGO-IV over  an  extended p e r i o d  
o f  t i m e  was made and t h e  r e s u l t s  compared w i t h  s i m i l a r  measurements on 
OGO-11. These r e s u l t s  were p r e s e n t e d  a t  t h e  S p r i n g  1969 AGU mee t ing  (7)  
and a t  t h e  O p t i c a l  Contamination i n  Space The r a t e  a t  which 
t h e  w a t e r  vapor  c o n c e n t r a t i o n  diminished was g r e a t e r  on OGO-IV; t h i s  e f f e c t  
was most probably  due t o  t h e  absence of a  thermal  b l a n k e t  on OPEP-2 of OGO-IV.  
A s e a r c h  i s  b e i n g  made of t h e  d a t a  t o  f i n d  n e a r l y  s imul taneous  measure- 
+ + 
ments of n(O) ,  n ( 0  ) ,  n(We), n(H ) and e c l i p s e  d a t a  t o  b e  used t o  de te rmine  
e  
t h e  p r o d u c t i o n / l o s s  scheme of t h e  m/ze= 8 i o n s .  A t h e o r e t i c a l  model o f  
s u i t a b l e  r e a c t i o n s  has  been fo rmula ted .  
The r a t e  c o e f f i c i e n t  f o r  t h e  r e a c t i o n :  
h a s  been o b t a i n e d  us ing  d a t a  from t h e  OGO-IV exper iment .  The v a l u e  found 
is  i n  r e a s o n a b l e  agreement w i t h  o t h e r  measurements. It is planned t o  c o n t i n u e  
t h i s  work and e x t e n d  i t  t o  o t h e r  r e a c t i o n s .  
During t h e  l i f e t i m e  of OGO-IV,  s imul taneous  measurements o f  p o s i t i v e - i o n  
composit ion were  a t t e m p t e d  each t ime  t h e  o b s e r v a t o r y  passed  o v e r  one of t h e  
fo l lowing  Thomson b a c k s c a t t e r  s t a t i o n s  w h i l e  Experiment D-15 and t h e  s t a t i o n s  
were o p e r a t i o n a l :  
Aerocibo,  P.R. 
J i camarca ,  Peru 
M i l l s t o n e ,  Boston,  Mass. 
SRI, P a l o  A l t o ,  C a l i f .  
San S a n t i n ,  France 
Three purposes  w i l l  b e  s e r v e d  by c o r r e l a t i n g  t h e s e  two types  of d a t a ,  namely,  
a )  e v a l u a t i o n  of plasma s h e a t h  e f f e c t s  upon t h e  p o s i t i v e  i o n  d e n s i t y  measure- 
ments,  b )  when two o r  more s t a t i o n s  are invo lved  dur ing  t h e  same o r b i t ,  t h e  
h o r i z o n t a l  d i s t r i b u t i o n  a t  t h e  o b s e r v a t o r y  a l t i t u d e  can b e  used t o  check and 
supplement t h e  v e r t i c a l  s u r v e y s  a t  each ground s t a t i o n ,  and c )  a t t e m p t  t o  
r e s o l v e  c e r t a i n  anomalies which appeared i n  some prev ious  b a c k s c a t t e r  d a t a  
from d i f f e r e n t  ground s t a t i o n s  when c o r r e l a t i o n  w i t h  f l i g h t  d a t a  was a t t empted .  
The c o i n c i d e n t a l  measurement e v e n t s  a r e  b e i n g  s o r t e d  a t  t h e  p r e s e n t  t i m e .  
Various d a t a  p r o c e s s i n g  d i f f i c u l t i e s  have p reven ted  t h e  sites from de te rmin ing  
+ 
t h e  t i m e s  of  co inc idence  and t h e  0 c o n c e n t r a t i o n s  a t  t h e s e  t imes .  These d a t a  
s h o u l d  b e  for thcoming i n  t h e  f u t u r e .  A t  t h a t  t i m e ,  we w i l l  e x t r a c t  t h e  per-  
t i n e n t  d a t a  and per fo rm t h e  comparison. 
V I I  SYNOPSIS 
The exper iment  h a s  been o p e r a t e d  o v e r  5000 h o u r s ;  of t h e s e ,  1742 h o u r s  
have been r e c e i v e d  by t h e  exper imente r  on magnet ic  t a p e s .  About 1 2  p e r c e n t ,  
a  l i t t l e  over  204 h o u r s ,  have been p l o t t e d .  The most u s e f u l  g e o p h y s i c a l  d a t a  
have  been e x t r a c t e d  from about  55 hours  of t h e  p l o t t e d  d a t a .  
A r e t r o s p e c t i v e  s t u d y  o f  t h e  d a t a  p r o c e s s i n g  e f f o r t s  on t h i s  exper iment  
and man-power v e r s u s  t h e  r e s u l t a n t  through-put o f  e x t r a c t e d  and ana lyzed  d a t a  
h a s  r e v e a l e d  t o  us a g r e a t  d e a l  of i n f o r m a t i o n  about  t h e  o p e r a t i o n  of a d a t a  
p r o c e s s i n g  f a c i l i t y  f o r  s c i e n t i f i c  d a t a  r e d u c t i o n .  Four d i f f e r e n t  t e c h n i q u e s  
have o p e r a t e d  s u c c e s s f u l l y ,  b u t  w i t h  v a r i o u s  degrees  of e f f i c i e n c y  and ex- 
pediency.  Two were  f u l l y  a u t o m a t i c  us ing  l a r g e  c e n t r a l  computers. One was 
a semi-automat ic  sys tem us ing  a s m a l l  computer, and t h e  remaining method was 
"by hand". Thus comparat ive  d a t a  a r e  a v a i l a b l e  on c o s t ,  speed ,  convenience,  
r e l i a b i l i t y ,  and  s o  on. Of t h e  f o u r  methods, t h e  semi-automatic method w i t h  
a small-to-medium s c a l e  computer seems t h e  most r a t i o n a l  compromise of speed  
and c o s t ,  p rov ided  high-speed inpu t -ou tpu t  equipment were  a v a i l a b l e .  
Our e x p e r i e n c e  h a s  b rought  us t o  an  even more fundamental  conc lus ion .  
Data p r o c e s s i n g  dese rves  a s i g n i f i c a n t  p l a c e  i n  terms o f  t ime  and d o l l a r s  i n  
t h e  developmental  program o f  new i n s t r u m e n t s .  The e l e c t r o n i c  d a t a  p r o c e s s i n g  
hardware  and s o f t w a r e  a r e  a s  much a p a r t  o f  t h e  exper iment  as  t h e  f l i g h t  u n i t  
i t s e l f .  The "add-on" concept  of d a t a  p r o c e s s i n g  a s  used i n  t h e  OGO program 
i s  i n e f f i c i e n t  and w a s t e f u l  o f  t e c h n i c a l  manpower. Quest ions  concerning t h e .  
complex s p a c e c r a f t  s y s  tern and i t s  dynamical c h a r a c t e r i s  t i c s  s h o u l d  o r i g i n a t e  
w h i l e  t h e  knowledgeable pe rsonne l  a r e  s t i l l  a s s o c i a t e d  w i t h  t h e  program. On 
t h e  OGO program, exper imente r s  d i d  n o t  a c q u i r e  an adequate  unders tand ing  of 
t h e  sys tem e a r l y  i n  t h e  program because  of c o n t r a c t  r e s t r i c t i o n s ;  h e n c e ,  
many e s s e n t i a l  d e t a i l s  and fundamental  concepts  w i l l  never  b e  known f o r  want 
o f  informed p e r s o n n e l .  The "add-on" concept v i r t u a l l y  e l i m i n a t e s  a l l  s c i e n t i f i c  
e f f o r t  of t h e  program because  t h e  q u a l i t y  o f  t h e  d a t a  is  never  b rought  t o  a 
s u f f i c i e n t  l e v e l  of e x c e l l e n c e  t o  make i t  amenable t o  s c i e n t i f i c  a n a l y s i s ,  
Nearly a l l  work is  devoted t o  engineer ing  e f f o r t  d i r e c t e d  a t  eva lua t ion  of 
spacec ra f t  opera t ions  and t h e  r e s u l t i n g  parameters.  Such e f f o r t s  a r e  merely 
p re l imina r i e s  f o r  t h e  s c i e n t i f i c  e f f o r t .  The support  provided on t h e  OGO 
program was adequate f o r  t he  engineering e f f o r t ,  bu t  p r a c t i c a l l y  non-existent 
f o r  any s c i e n t i f i c  e f f o r t  because of funding cutbacks and t h e  i n a b i l i t y  of 
t h e  OGO program t o  provide c e r t a i n  fundamental da ta .  
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